Despite widespread endorsement, Teppo Järvinen and colleagues argue that evidence for stratifying risk of fracture and subsequent drug therapy to prevent hip fracture is insufficient to warrant our current approach 
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Hip fractures are devastating injuries, resulting in disability, increased mortality, and high treatment costs. 1 Although hip fractures constitute a minority of fractures linked to osteoporosis, their consequences exceed those of all other fragility fractures combined. 2 Vertebral fractures, recognised only by radiography, are of much less clinical concern (see appendix 1 on thebmj.com). 3 4 We analyse the implications of stratifying fracture risk and prescribing drug treatment in the hope of preventing hip fractures.
Before the late 1980s, osteoporosis was diagnosed after a bone fracture. The advent of dual energy absorptiometry made it possible to measure bone mineral density at the lumbar spine and proximal femur and allowed earlier diagnosis. In 1994 a World Health Organization (WHO) Study Group-supported by several drug companies 5 -published the first diagnostic criteria for osteoporosis, defined as a T score < -2.5. 6 The WHO report stated that a one standard deviation decrease in bone mineral density doubles the relative risk of osteoporotic fractures, and that osteoporosis is the main cause of fractures in ageing populations. The guideline also stated that bone densitometry reliably identifies people at increased risk of fracture, improving the cost effectiveness of pharmacotherapy. Alendronate, the first bone targeted drug shown to prevent hip fractures, was introduced in 1995.
By the early 2000s, it became clear that a fracture prevention strategy based on bone mineral density is not feasible. Most of the fracture burden arises from uncommon events among people who do not have osteoporosis rather than from common events in the relative few with the condition. 7 With parallels to the Framingham Risk Score for predicting cardiovascular disease, a task force led by the WHO Collaborating Centre for Metabolic Bone Diseases (University of Sheffield), introduced in 2008 a web based, fracture risk prediction tool called FRAX (box 1). Its aim was to identify people at high, 10 year risk of fracture who were "likely to benefit from pharmaceutical treatment." 8 The threshold for high risk was determined by osteoporosis advocacy and national guideline organisations. Despite concerns 9 10 FRAX quickly became a standard for clinical practice: since June 2011, over 10 million assessments have been recorded by the FRAX webpage.
Bone mineral density (late 1980s to present)
• Dual energy x ray absorptiometry of lumbar spine and hip region to measure bone mineral density
• Operational definition of osteoporosis defined in 1994 as bone mineral density ≥2.5 SD below the average for a healthy woman aged 20-40
• Established osteoporosis denotes the presence of a fragility fracture as well as low bone mineral density
Fracture prediction era (mid-2000s to present)
• Risk prediction tools used to estimate an individual's absolute risk of major osteoporotic fracture to identify those at high risk of fractures and amenable to intervention
• Most commonly used tool is FRAX, a web based, multifactorial fracture risk prediction tool (www.shef.ac.uk/FRAX) that assesses risk using factors such as age, sex, weight, smoking, alcohol use, and fracture history with the option to include bone mineral density
• Other fracture prediction models that are well validated include Garvan (www.garvan.org.au/bone-fracture-risk) and QFracture (www. qfracture.org/)
Drivers of change
The current approach assumes that bone fragility (assessed by bone mineral density or fracture risk calculators) predicts hip fracture and that subsequent drug treatment prevents fractures. Strong commercial involvement, both for bone densitometry and for pharmacotherapy, underpinned this trend. Organisations supporting the development of FRAX, all heavily funded by drug companies, 9 launched a campaign for widespread screening for bone fragility. For example, the National Osteoporosis Foundation (NOF) in the United States and the UK's National Osteoporosis Guideline Group (NOGG) recommend screening of all postmenopausal women and men aged ≥50.
Effect on prevalence
In 2010, the prevalence of bone mineral density defined osteoporosis in Europe was 22% for women and 7% for men aged >65 and 47% and 16%, respectively, for women and men aged >80.
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Quantifying the number of people at risk of fracture is more challenging and depends on the risk threshold selected. The NOF considers that a 10 year probability of hip fracture >3% calculated by FRAX warrants intervention ( fig 1⇓) . Applying these criteria to a large prospective cohort study, Donaldson and colleagues estimated that at least 72% of US white women aged >65 years and 93% of those >75 would be recommended drug treatment.
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This is at least double the population that would be recommended drug treatment using bone mineral density criteria.
In Europe, NOGG criteria are used, rather than an arbitrary risk threshold. NOGG suggests drug intervention if the FRAX based estimate of the risk of fracture exceeds the prevalence of fragility fracture in someone of the same age and sex. For example, NOGG suggests drug treatment for a typical UK woman aged 55 if her estimated 10 year risk exceeds 1.5% for hip fracture, or 10% for all major fractures (fig 1[fl] ). The proportion of women eligible for treatment increases with age, from about 20% at the age of 50 to over 40% of those >80. 12 13 Although the NOGG threshold sounds more conservative, it paradoxically advocates drug treatment for younger people with a low absolute risk of fracture but not for older people with higher absolute risk.
Evidence of too much medicine Diagnosis
Estimating absolute fracture risk is intuitively attractive, focusing on actual fractures rather than proxies such as bone mineral density or relative risks of fracture. But it has a fundamental conceptual flaw: fewer than one in three hip fractures are attributable to bone fragility. 14 Fractures are traumatic events induced by falls, mostly in frail older adults. 15 Incidence of hip fracture in women rises 44-fold from the age of 55 to 85, and the effect of ageing is 11-fold greater than that of reduced bone mineral density ( fig 2⇓) . 16 17 About a third of generally healthy people aged ≥65 fall at least once a year, 18 and this proportion increases to a half by age 80. 19 The question, 
Treatment
Overdiagnosis of bone fragility leads to overtreatment. As for most risk diseases, drug treatments eclipsed other forms of treatment such as lifestyle modification and physical activity. Sales of bone densitometry devices and bone building drugs have exploded. 23 The first bisphosphonate for osteoporosis generated a mere $0.3bn (£0.2bn; €0.3bn) in 1996, but the amount spent on these drugs tripled from 2001 to 2008 1 and is forecast to exceed $11bn in 2015.
Bisphosphonates are the dominant drugs for fracture prevention. 24 Our systematic review of the evidence base for bisphosphonates identified 33 randomised controlled trials of sufficient duration (≥ one year) to expect a preventive effect on hip fractures (see appendix 2 on the bmj.com). 25 In 23 trials reporting on hip fracture, 254/17 164 women taking bisphosphonates versus 289/14 080 taking placebo had hip fractures (relative risk 0.68, (95% confidence interval 0.57% to 0.80%); absolute risk reduction 0.57% for hip fracture over three years ( fig 3⇓) . Accordingly, 175 women must be treated for three years for each hip fracture prevented.
Gaps in evidence
But the evidence base is fraught with gaps. Although the mean age of patients with hip fracture in Europe is about 80 years, and over 75% of hip fractures occur among people older than 75, 1 only three of the 23 trials in our systematic review included sufficient women over 75 to allow analysis of hip fracture incidence. [26] [27] [28] All failed to show any significant effect on hip fractures in this age group. 27 29 Counterintuitively, the evidence thus suggests that those most prone to hip fractures do not benefit from bisphosphonate treatment. This discouraging finding was corroborated by a recent randomised trial of single dose zoledronic acid for osteoporosis in frail elderly women. 30 Also, although osteoporosis is primarily considered a female disease, 30-40% of hip fractures occur in elderly men. 1 Two decades after the introduction of bisphosphonates, we still have no randomised trial evidence on hip fracture prevention in men.
Evidence on optimal treatment duration is also sparse. The US Food and Drug Administration recently published a pooled data analysis of randomised trials evaluating the effects of continuous versus time limited drug treatment. 31 32 Among participants who received continuous bisphosphonate treatment for six or more years, vertebral and non-vertebral fracture rates were 9.3-10.6%, exceeding the 8.0-8.8% rate for participants who were switched to placebo after three years. Data analyses were post hoc and the number of women too small to draw firm conclusions, but this is still the best available evidence, and at least provides no rationale for long-term use of bisphosphonates.
Although the dominant therapeutic class, bisphosphonates are not the only drugs for building bone density (box 2). Denosumab and strontium ranelate have some evidence of efficacy against hip fracture. 33 34 However, the putative efficacy of strontium ranelate rests on post hoc analysis. 34 The European Medicines Agency and FDA have expressed concerns about the validity of the data on denosumab because of irregularities in implementing the trial 35 and the counterintuitive effect on fracture prevention after two years of treatment. 35 36 Recent evidence also challenges the justification for the general use of calcium and vitamin D supplementation to prevent fractures. 37 38 The age adjusted incidence of hip fractures has fallen steadily in most Western countries. 39 40 This positive trend, observed in large population based cohort studies, does not seem to be attributable to drug treatment. [41] [42] [43] A recent Canadian study from a database of 65 659 hip fractures found that despite roughly fivefold differences in provincial prescribing rates of osteoporosis drugs in people aged >55, no differences were found between provinces in hip fracture rates, in either sex or any age group. 44 Confounding by indication is an obvious concern in studies of this type, but the consistency of evidence should raise doubts about the effectiveness of osteoporosis medications in ordinary healthcare settings.
Cost effectiveness
The viability of any medical intervention in a public health system ultimately depends on evidence of cost effectiveness and affordability. Evidence on cost effectiveness of pharmacological fracture prevention is completely lacking. 45 Current assertions that drug treatment is cost effective are based on computer modelled analyses that disregard the evidence gaps and extrapolate efficacy estimates derived from younger women (aged 60-80) to their older peers (age >80) and to men. 46 By assuming a constant relative risk reduction for fractures irrespective of age, sex, and baseline fracture risk, they are likely to overestimate absolute risk reduction.
Evidence for alternative strategies
The focus on drug treatment means that widely feasible non-pharmacological interventions are overlooked. A recent meta-analysis of various fall prevention programmes estimated an overall relative reduction of fracture risk of 60% (95% confidence interval 34% to 78%) with exercise training. 47 The benefit of physical activity on hip fractures not only shows a dose-response relation 48 49 but is also comparable with that of drugs tested in idealised situations with highly selected participants. Smoking is a major modifiable risk factor for fractures, 50 its effect described as greater than that of bone mineral density. 51 The substantive approaches to preventing hip fractures have not changed in nearly 25 years: stop smoking, be active, and eat well. 52 This advice works for anyone, regardless of bone fragility, and the benefits encompass the entire human body.
Harms from diagnosis or treatment
The prevailing tenet that early diagnosis and subsequent intervention is always desirable ignores the psychological burden associated with a disease label. In a random sample of 261 women who had had bone densitometry, women found to have low bone mineral density were more likely to take measures to prevent fractures than those with normal density (94% v 56%; P<0.01). 53 However, they also became more fearful of falling (38% v 2%; P<0.01) and were more likely to limit their activities to avoid falling (24% v 2%; P<0.01).
Oral bisphosphonates are associated with gastrointestinal problems (typically nausea, indigestion, heartburn, vomiting, and retrosternal pain) leading up to 20% of patients to discontinue treatment. 54 They are also associated with atypical femoral fractures 55 and osteonecrosis of the jaw. 56 The most recent data suggest the relative risk of atypical femoral fractures after four years of bisphosphonate use is 126, translating to 11 atypical femoral fractures a year among 10 000 long term users [59] [60] [61] Treating 1000 people with calcium with or without vitamin D for five years is estimated to cause an additional six myocardial infarctions or strokes.
Conclusion
The dominant approach to hip fracture prevention is neither viable as a public health strategy nor cost effective. Pharmacotherapy can achieve at best a marginal reduction in hip fractures at the cost of unnecessary psychological harms, serious medical adverse events, and forgone opportunities to have greater impacts on the health of older people. As such, it is an intellectual fallacy we will live to regret.
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Figures Fig 1
Age related 10 year risk of hip fracture in average man and woman with known osteoporosis (femoral neck T score -2.5) with and without a history of fracture plus treatment thresholds for US National Osteoporosis Foundation (NOF) and UK National Osteoporosis Guideline Group (NOGG, fracture risk in someone of same age and sex regardless of bone mineral density)
Fig 2
Relative contributions of change in bone mineral density (red) and age (blue) on the 44-fold rise in hip fracture incidence in women between age 55 and 85 16 22 For personal use only: See rights and reprints http://www.bmj.com/ 
